Abstract. The characteristics of influenza-associated encephalopathy is the high mortality and nimble progress with coma which appears in general cases within 48 hours. Most of patients show no abnormalities in the standard blood checks on admission or in early stage. In this study we investigated if a rapid assay of interleukin (IL)-6 is useful in influenza-associated encephalopathy in early stages. The levels of IL-6 in patients with influenza-associated encephalopathy did not show any significant difference compared with those in patients with febrile convulsion and rotavirus-associated convulsion. However the levels of IL-6 in severe cases were significantly higher than those of mild cases with influenza-associated encephalopathy. Consequently the rapid assay of serum IL-6 is useful to evaluate and decide the therapies.
Introduction
The number of patients with a new type of influenzaassociated encephalopathy is increasing in Japan and in the United States [2, 5] . According to the demographics of the Ministry of Health, Labor and Welfare in 1998, influenza was the sixth cause of death in children aged 1 to 4 years-old next to congenital heart diseases, and was the first cause of death within a single disease. Since 1988, more than 60 patients with influenza-associated encephalopathy have been reported in Japan annually, and there is no sign of cessation. Mortality reached 30% in 1998, and although the rate decreased to approximately 15% in 2002, the ratio of patients who recovered without sequela remained less than half. The characteristics of the influenza-associated encephalopathy is the high mortality and nimble progress with coma which appears within 48 hours in most cases1). At the time of consultation, the standard blood tests shows normal data in many cases, and then a rapid rise of AST, LDH, CPK, creatinine and FDP and a decreased number of platelets can be seen after a short time, which reveals DIC and MOF [5, 8] . Although the pathophysiology of influenza-associated encephalopathy is not known because of a lack of the virus in the central nervous system, recent works showed that high levels of cytokines were detected [3, 8, 9] , especially proinflammatory cytokines for example IL-6 and TNF-alfa are high in serum and central spinal fluid. However they didn't mention and compare the IL-6 in other convulsive diseases. According to those data a high cytokine storm is suspected to be the center of the pathophysiology. From these considerations high dose gamma-globulin, steroid pulse and plasma exchange treatments are special evidences based on the treatment of influenza-associated encephalopathy at present. Intensive care trials in combination with (1) anti-virus drugs, (2) high dose gamma-globulin, (3) steroid pulse therapy, (4) high dose AT III, (5) head cooling and (6) plasma exchange started since 2001 [6] . In this study we investigated if a rapid assay of interleukin (IL)-6 is useful in influenza-associated encephalopathy.
Subjects and materials
Fifteen children with influenza-associated encephalopathy aged 1 to 11 years old were enrolled in this study, and the case and severity were defined as follows: altered consciousness or loss of consciousness without prompt recovery and (1) mild: 7 cases with normal resolution (2) severe: 8 cases with sequelae or death and/or cases with multiple organ failure (MOF) (2 mortal and 3 sequelae). Serum levels of IL-6 were assayed by chemoluminescence Enzyme Immunoassay (CLEIA) by using Lumipulse f (Fujirebio Diagnostics Inc, Tokyo, Japan) which can be resulted within 30 minutes. As control we analyzed serum IL-6 from 9 patients with febrile convulsion and 5 patients with rotavirus enterocolitis-associated convulsion, and compared the clinical causes and other blood data. All 9 patients with febrile convulsion showed neither prolonged unconsciousness nor any abnormality on EEG and laboratory findings. All blood samples were subjected at the time of their admission because of convulsion or unconsciousness. Infections of influenza and rotavirus were diagnosed by viral antigen tests. The statistical analysis (Fisher's Protected Least Significant Difference) was one-sided, P values that were less than 0.05 were considered to indicate statistical significance. Statistical analysis was performed with Statcel software (OMS, Saitama, Japan).
Results
At first the levels of WBC, LDH, CPK and CRP of patients with influenza-associated encephalopathy, febrile convulsion and rotavirus enterocolitisassociated convulsion were investigated. Within the 3 groups there was no significant difference, which is shown in Fig. 1 . The levels of IL-6 in patients with influenza-associated encephalopathy did not show any significant difference compared with those in patients with febrile convulsion and rotavirus-associated convulsion, which is shown in Fig. 2 . There was no significant difference in the levels of In addition we analyzed serum IL-6 in 10 patients with influenza without convulsion, and all were under the normal range (6.0 pg/ml).
We compared the IL-6 and other clinical data (duration of unconsciousness or convulsion), the number of WBC and platelets, creatinin, AST, CPK and LDH in mild cases of influenza-associated encephalopathy with severe cases. There were significant differences in the duration of unconsciousness, CPK, LDH and IL-6, which is shown in Fig. 3 . There was no significant difference in the levels of platelets, creatinin and AST. We also assayed the fluctuation of IL-6 in severe cases before and after therapies of plasma exchange and pulse methyprednisolone. IL-6 decreased spontaneously after therapies as course of recovery.
Discussion
IL-6 is a multifunctional cytokine that plays a central role in the host defense due to its wide range of immune and hematopoietic activities and its potent ability to induce an acute phase response. And overexpression of IL-6 has been implicated in the pathology of a number of diseases including rheumatoid arthritis and so on [7] . Aiba measured serum IL-6, TNF-alpha, soluble TNF-receptor 1, interferon-gamma and IL-2 in 6 patients with influenza-associated encephalopathy by ELISA method, and reported that IL-6 is most useful for the diagnosis and the levels reflected the clinical condition [1] . Kawada also reported that the transcription of IL-6, IL-10 and TNF-alpha genes were up-regulated to a greater extent in patients with influenza-associated encephalopathy than in those with influenza without neurological complications [4] . There was no significant difference in the levels of CPK, LDH obtained from patients with influenza-associated encephalopathy and with those of other convulsive diseases. However there were significant differences in the duration of unconsciousness, CPK, LDH and IL-6 between severe and mild cases with influenza-associated encephalopathy. From those findings IL-6 is a good and useful disease marker to decide treatments in influenzaassociated encephalopathy. In all previous reports the ELISA method was used, which takes a minimum of 3.5 hours and needs many samples at once. In this study we used a rapid assay of IL-6 (CLEIA) which takes only 30 minutes to obtain results and can be done by one sample. Since the progression of influenzaassociated encephalopathy is very quick CIEIA is a recommended method. We analyzed serum IL-6 in influenza-associated encephalopathy and compared the levels in patients with febrile convulsion and rotavirus enterocolitis-associated convulsion. The levels of some cases were higher than those of other diseases, however statistically not significant. On the other hand serum IL-6 was a good marker to decide the severity of influenza-associated encephalopathy to prevent follow- ing MOF. Consequently, a rapid assay of serum IL-6 would be a reliable method to decide therapies.
